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(54) Conversion of an analog signal into a digital signal, in particular a tv video signal 



(57) Process for correcting the input value of an an- 
alog quantity to be converted in an analog/digital con- 
verter. 

According to this process, the equation of the actual 
conversion line is calculated during the conversion sus- 
pension periods. A comparison with the ideal theoretical 



conversion line subsequently makes it possible to per- 
form the necessary offset and gain corrections. 

The process according to the invention is applied to 
the conversion of an analog video signal into a digital 
video signal. The invention also relates to a circuit for 
converting an analog television video signal into a digital 
video signal. 
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Description 

The invention lies in the field of processes for cor- 
recting analog/digital converters. It also relates to a de- 
vice operating according to the process. 

It is known that an analog/digital converter converts 
an input quantity X into an output quantity Y The transfer 
function of an analog/digital converter is, having regard 
to the quantization, a non-linear function of the input val- 
ue. The output value varies quantum-wise. A quantum 
is the difference in output value between two numerical- 
ly consecutive values. 

Ideally, all the quanta are equal and ideally, the 
mean value of a quantization plateau is deduced from 
the input value through a linear function of the form Y = 
AX. Such an ideal transfer function is represented inFig- 
ure 1. This figure lies in the input/output plane and rep- 
resents the output value along the ordinate versus the 
input value plotted along the abscissa. The output in- 
cludes, in this example of Figure 1, eight levels from 0 
to 7 in integer values or expressed in binary base mode 
from 000 to 111 . The output value retains the same value 
when the input varies between two consecutive values 
representing the quantization spacing q. A straight line 
D represented by dashes joins the mid-points of each 
of the plateaux. 

It is also known that through its very principle, such 
an ideal converter systematically introduces some error 
termed the quantization error. Statistically, this error has 
an equal probability of taking absolute values lying be- 
tween -| and+| . 

The slope of the line joining the middles of the seg- 
ments representing the output value as a function of the 
input value is termed the gain line. Actual converters 
are, however, subject to drifting which, on the one hand, 
causes the gain of the converter to vary and, on the other 
hand, gives rise to an offset in the value of the zero of 
the converter. The errors thus incurred are referred to 
as the gain error and offset error. 

The value of the systematic error of the ideal con- 
verter as a function of the input value is represented in 
Figure 2. This error is alternately positive and negative 
and varies in jumps. For this reason, closed-loop feed- 
back for bringing the offset error and the gain error to 0 
is not undertaken in practice. 

This type of error being known, a remedy therefor 
has however been attempted. 

Thus, the USA patent 4,947,168 MYERS describes 
an analog/digital converter in which two types of correc- 
tions are performed, these two types of corrections be- 
ing performed in open loop. On the one hand, a correc- 
tion is performed by adding a correction value, stored in 
a memory 49, to the output value by means of an adder 
29. The correction value is stored at an address of the 
memory which depends on an output value given by a 
first part of the converter converting the most significant 
bits (MSB). Total conversion results from the addition of 
the most significant bits obtained at the output of a con- 



verter 17, of the least significant bits (LSB) obtained at 
the output of a low-significance converter 27 and of the 
correction value originating from the memory 49. The 
values originating from the memory 49 are periodically 

5 renewed during the idle conversion times. 

As explained (column 7, line 39 and column 8, line 
51), a calibration sequence includes an initialization 
step and a calibration step. The calibration step consists 
in generating known values by means of a slow but ac- 

10 curate reference digital analog converter 43. The differ- 
ence between the actual value given by the reference 
converter 43 and the value measured at the output of 
the low-significance converter 27 is stored in the mem- 
ory 49 at the address indicated by the high-significance 

15 converter 17. 

The initialization step consists in setting the gain 
and offset values of a fast but inaccurate digital/analog 
converter 21 used to subtract from the analog input val- 
ue the value converted on the most significant bits by 

20 the high-significance converter 17. This step also makes 
it possible to adjust the offset error of the low-signifi- 
cance converter 27. 

As explained in column 8, lines 46-51, the calibra- 
tion step consisting in replacing the values stored in the 

25 memory 49 can be repeated periodically during the sys- 
tem idle times whereas the initialization step is in prin- 
ciple performed only at the beginning of a conversion 
period. 

It is moreover known to those skilled in the art to 

30 carry out adjustments to the offset value and to the value 
of the gain through open-loop monitoring which makes 
it possible to calculate errors and adjust them, manually 
or according to automated sequences. 

As explained above, the subject of the present in- 

35 vention is an analog/digital converter (ADC) in which the 
correction of gain and of offset is performed in closed 
loop during the idle conversion times. As compared with 
the prior art such as results from the MYERS patent, the 
invention has the advantage of using a smaller number 

40 of memories. It also has the advantage of closed-loop 
regulation, on open -loop systems. This is intended to 
mean that after a time of operation, the residual errors, 
here in gain and offset, are near-0 errors and result from 
outside disturbances alone, due, for example, to the 

45 ageing of the components or to temperature deviations. 
The invention is particularly advantageous in cases 
where several analog quantities are firstly treated ac- 
cording to predetermined processes so as, for example, 
to reduce the dynamic range of quantities which are to 

so be input to the converters. Such a case arises, for ex- 
ample, in television video signal acquisition cards in 
which analog voltage values representing the values of 
red, green and blue are transformed in a known manner 
and are defined by standards as luminance Y and red 

55 DR and blue DB difference signals. The signals Y, DR 
and DB make it possible to reconstruct, in a known man- 
ner, grey levels for a black and white image or red, green 
and blue signals so as to construct, in a known manner, 
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a colour image. In such a case, the accuracy of the 
closed-loop correction makes it possible to guarantee 
good accuracy of the gain adjustments for an analog 
matrix for transforming analog quantities, even in the 
case of small matrix coefficients such as those encoun- 
tered in matrices for converting to colour space. More- 
over, in the case of television video signals, there are 
no signals to be converted on the one hand between 
each line and on the other hand between each frame. 
These periods in which there are no signals to be con- 
verted, termed blanking periods, are therefore regularly 
present during the conversion of video signals. 

According to the invention, action is taken to correct 
the value of the offset and the value of the gain in the 
analog input quantity in such a way that the analog/dig- 
ital conversion performed on the values thus corrected 
corresponds to conversion on the actual values present 
at the input, according to a conversion line Y = 3qX + b 0 , 
this being the desired conversion line. As indicated at 
the beginning of this description and recalled below 
more precisely, in a known manner the converter trans- 
forms a continuous input value X varying over a range 
of values lying between two extreme values Xq and X n-1 
The transform Y takes, when X varies from Xq to X n . n n 
values, a value Y 0 when X has the value Xq, Y^ when 
X has the value X^ and n-2 intermediate values Y-,, 
Y 2 .... Y ft . 2 resulting from the quantity X, on the one hand 
through a linear transformation ideally according to the 
ideal conversion line whereby Y is given a value such 
that 

Y - Y 

Y = 1 rSr° x + Y o 

A n-1 A 0 

and on the other hand through a quantization whereby 
the quantity Y is given a constant output value when X 
varies from a value X^., to a value Xp (1<p<n-1). The 
intervals X p - X p-1 are equal to 

X n-1 " x o 
n-1 

The constant values are the values obtained for Y 
through linear transformation when X takes the median 
value of each interval. According to the correction proc- 
ess specific to the invention, the algebraic offset is cal- 
culated, for an input value X qQ: between the actual value 
Y q0 obtained by the fed-back device and a theoretical 
value Y q .Q which would have been obtained if the device 
had converted according to the transfer function theo- 
retically expected thereof. The input values X are sub- 
sequently corrected by adding the algebraic value of off- 
set to these input values. This first correction corrects 
the offset. 

The actual values Y m1 , .... Y mm obtained at the out- 
put of the fed-back device are measured, for known in- 



put values m X n .... X m corrected by the previously cal- 
culated algebraic offset. 

The slope a 1 is determined of a straight line passing 
near the m points M 1( M 2 Mm with co-ordinates 

s X.,Y m1 X m Y mm . It is supposed that a straight line 
passes near M points, for example when the sum of the 
squares of the distances from each point to the line is a 
minimum. At this juncture, it may be supposed that any 
known mathematical method for estimating whether the 

io position of a line is the nearest of the lines which can be 
made to pass through the m points is sufficient to esti- 
mate nearness. 

The input value is corrected by applying to the input 
quantity X a coefficient equal to the ratio between the 

is value a 0 of the slope of the theoretical conversion line 
and the slope a-, of the line near the m points. 

It is realized from this description that the method 
according to the invention allows a correction of the off- 
set only by a value corresponding to an integer number 

20. of converter quantization quanta. Similarly, for the gain 
correction, it is noted that the ordinates of the points M 1 , 
M 2 , .... M m can only take values corresponding to quan- 
tization plateaux of the device. This results in some 
coarseness of the corrections thus performed. This is 

25 why, in order considerably to improve the results ob- 
tained by the invention and according to an important 
variant thereof, the output value Yp associated with 
each of the input values X p is an average between s 
values Y r1 , Y^, .... Y rs . These s values are obtained by 

30 varying the input quantity X, about a value X m0 . The val- 
ues X r1 , Xf2 X rs allocated to the quantity X will have 

the property of being symmetric with respect to X m0 . 
Symmetry is intended to mean, on the one hand, that 
the average of the values X^ to X re to which the output 

35 values Y r1 , Y^ Y^ correspond, is equal to X^q on 

the one hand, and on the other hand, that the values X r1 
to X rs exhibit a symmetry with respect to X m0 . The dis- 
crepancy between the minimum value taken by X : X^^ 
and the maximum value taken by X : X rmax will be sev- 

40 eral quanta. To summarize, the invention relates to a 
process for correcting the value of an input quantity X 
of an analog/digital converter delivering a digital output 
quantity Y dependent on the value of the quantity X, the 
output value Y ideally taking n values Y 0 , Y n .-, regu- 

45 tarly spaced by a spacing AY when X varies from a value 
Xq to a value X n _-, , Y ideally taking the value Y 0 when X 
has, to within a spacing, the value Xq, the value Y n .-, 
when X has, to within a spacing, the value X n _-, and n-2 
intermediate values Y t , Y 2 , .... Y n _ 2 resulting from the 

so quantity X, on the one hand through a linear transfor- 
mation of the form y = a 0 X + b 0 , and on the other hand, 
through a quantization Y, Y retaining the same output 
value Y p when X varies from a value X p _-, to a value X p , 
the value Y p being one of the values obtained from the 

S5 linear transformation when X varies between and 
X p , in which process the corrections are performed dur- 
ing conversion by harnessing conversion suspension 
periods interposed between periods of conversion, so 
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as to inject known values of the input quantity X into the 
converter and deduce therefrom correction values to be 
applied, the process being characterized in that during 
one or more conversion suspension periods and in a 
continual iterative manner throughout conversion, 

a) for an integer number m of input values X m1 , .... 
X mm , the output values Y m1 , .... Y mm obtained are 
measured, 

b) the equation Y = a 1 X + b A of the actual conversion 
line resulting from these m measurements is calcu- 
lated, this line being the nearest to the m points with 
co-ordinates X m1 , Y m1 ; X m2 , Y m2 ; X mm , Y mfTV 

c) the offset error is corrected by adding the alge- 
braic value of the difference b between b-, and b 0 to 
the analog input quantity, 

d) the gain of the conversion is corrected byurujlti- 
plying the input quantity X by the latest ratio-^ 1 cal- 
culated. 

As explained above, in a preferred embodiment, 
each of the output values Ym results from averaging s 
input values, for example for an input value X mt (1 < t < 
m), X mt1 to X mts . The s values X mt are symmetric with 
respect to a central value X m . The discrepancy between 
X mtmin , the minimum X ml value, and the maximum input 
value X mtmax , is a few spacings, the spacing Ax having 
the value 



in the case in which the process according to the 
invention is applied to a converter mounted on a multi- 
component video signal acquisition card, for example a 
signal with a red component R, a green component G 
and a blue component B or else a total luminance com- 
ponent Y and two colour difference signals DR and DB, 
the phases of the three components have to be synchro- 
nized in a known manner It was seen that according to 
the invention, during the periods of suspension of con- 
version, the m actual values Y m obtained at the output 
of the converter are measured for m known input values 
X m1 , X mm . The m input values are generated, for ex- 
ample, by a test-pattern generator which will display, for 
example, increasing values varying by successive pla- 
teaux. When adjusting the phase, the values when they 
have stabilized on a plateau will be of no interest since, 
for these stabilized values, the output value has also sta- 
bilized and any phase shifts can no longer be observed. 

By contrast, when there are abrupt jumps from one 
input value to the next, the circuit filters and elements 
located between the test-pattern generator and the con- 
verter transform the, for example, rising edge between 
two successive values generated by the test-pattern 
generator, into a less steep rising edge. It is this less 
steep rising edge which will be used to phase the cap- 



turing of samples by each of the converters stationed 
on each of the paths. When the capturing of samples is 
said to be phased, this is not intended to mean that the 
three samples, for example that of the luminance path 

5 and those of the two chrominance paths, are captured 
simultaneously. On the contrary, the capturing of sam- 
ples will in general be offset over time. This means that 
the samples will be captured at one and the same time 
of the composite video signal. If a first component trav- 

10 els around a first path more quickly than a second com- 
ponent around a second path, then the sample capture 
will be delayed on the second path by the difference be- 
tween the time taken by the second component to go 
from the input of the conversion means to the converter 

15 and the time taken by the first component to perform this 
same journey. 

A first step of the process will consist therefore in 
adjusting the sampling phase of one of the paths so that 
a sampling instant of this path always corresponds with 

20 a known poinl of the rising edge, for example the middle 
value between two stabilized values. 

Subsequently, the instant of sample capture of the 
other two paths will be aligned so that it coincides with 
the same known point of their respective rising edges, 

25 for example the middle value between two stabil ized val- 
ues. To make the sampling delay accurate, it will include, 
on the one hand, a digital delay line which shifts the 
phasing of sample capture between the various paths 
by an integer number of clock intervals and on the other 

30 hand, an additional offset effected, for example, by 
means of a phase shifter. 

The process according to the invention will be spec- 
ified below and better understood through the descrip- 
tion which follows of a device which carries out a con- 

35 version according to the process described. 

This description will be given with the aid ol the ap- 
pended drawings in which: 

Figure 1 already described is a curve intended to 
40 explain the principle of digital conversion. 

Figure 2 already described is a curve intended to 
explain the sytemmatic error resulting form digital 
conversion. 

Figure 3 represents an example of an electrical di- 
45 agram of an acquisition card operating according to 
the process of the invention. 
Figure 4 includes figures 4a and 4b. 
Figure 4a represents the instants of sample cap- 
tures during a jump in level without any precaution 
50 having been taken. 

Figure 4b represents the instants of sample capture 
during a jump in level, an instant of sample capture 
corresponding to an instant at which the value of 
the signal to be converted passes through a prede- 
55 termined level lying between a preceding level and 
a succeeding level. 

Figure 5 illustrates the time offset required between 
the sampling of two signals originally in phase but 
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having undergone different processing delays. It in- 
cludes Figures 5a and 5b. 

Figure 6 represents the form of a predetermined 
signal intended to monitor the quality of the conver- 
sion. 

Figure 7 is a graph representing on the one hand 
the theoretical conversion line, shown dashed, and 
on the other hand the actual conversion line, shown 
unbroken, obtained by calculation from actual con- 
version points. 

Figure 3 represents an electrical diagram of a card 
for the acquisition of data representing a standardized 
colour video signal arriving at the card with analog mod- 
ulation. The purpose of the acquisition card is to trans- 
form this analog modulation into digital modulation ac- 
cording to one of the accepted standards. In the exam- 
ple which will be described and commented upon below, 
it is assumed that the input is analog with red R, green 
G, blue B signals, and that the card transforms them into 
analog signals with a luminance signal Y and two red 
difference DR and blue difference DB signals before 
converting them into digital data, for example to the 
4.2.2 or HDTV standard. 

Naturally, it could also involve an incoming video 
with Y, DR, DB components and the digital output might 
be Y, DR, DB. 

The card according to this example embodiment in- 
cludes three inputs 1 R, 1 G, 1 B receiving the red, green 
and blue analog signals respectively. These signals 
feed adaptation circuits 2 B, 2 G, 2 R which are in them- 
selves known, via controllable switches 3 B, 3 G, 3 R. 
These switches are capable of two positions. In a first 
position, they transmit the signals to be transformed and 
in a second position they transmit the signals originating 
from a test-pattern generator 4. This generator can pro- 
vide analog signals calibrated to the standard of the sig- 
nals received on the inputs of the adaptation circuits 2. 
The amplitude of the signals present at the output of the 
adaptation circuits 2 is converted in a known manner by 
means of an analog matrix converter 5. This matrix con- 
verter receives the analog signals present at the output 
6 B, 6 G and 6 R of the adapters 2. The value of each 
of the nine conversion coefficients is in principal the val- 
ue adopted according to the transformation standard. 
According to the invention, the actual value of the mul- 
tiplier coefficients of the matrix is modified iteratively so 
that the modified value gives, having regard to the im- 
perfections in the circuits, a value effectively corre- 
sponding to the standard. 

The value of these coefficients is controllable 
through a microprocessor 17 whose role will be ex- 
plained further on. 

The output signals from the matrix converter 5 are 
directed to amplifiers 7 DB, 7 Y and 7 DR by way of 
switches 8 DB, 8 Y and 8 DR. These switches are ca- 
pable of two positions. In a first position they receive the 
signals originating from the matrix converter 5 and in a 



second position they receive the signals originating from 
the adapters 2. The first position corresponds to the 
case in which the conversion circuit converts with 
change of standard, for example, from red, green, blue 

s (R, G, B), to luminance, red difference, blue difference 
(Y, DR, DB) as in the case which is the subject of the 
example presented. The second position corresponds 
to the case in which the circuit converts without change 
of colour space, for example from analog DR, Y, DB to 

10 digital DR, Y, DB. 

The amplifiers 7 have a gain which can be control- 
led by means of the microprocessor 17. After filtering in 
filters 9 DB, 9 Y, 9 DR, the signals output by the ampli- 
fiers 7 are introduced into analog/digital converters 10 

is DB, 10 Y, 10DRby way of devices 11 DB, 11 Y 11 DR. 
These devices are intended to adjust the 0 level on the 
basis of which conversion will be performed. These de- 
vices are known as clamp level adjustment devices. The 
clamp level will hereafter be referred to as the base lev- 

20 el. The devices 11 can be adjusted by the microproces- 
sor 17. Stationed just upstream of the converters 10, 
they therefore make it possible to adjust the offset er- 
rors. 

In the embodiment represented in Figure 3, the 
25 switches 8 and the variable-gain controllable amplifiers 
7 have a physical existence. However, it will be noted 
that these switches 8 and/or variable-gain amplifiers 7 
may be replaced by an action of the coefficients of the 
programmable matrix converter 5. Thus, if the incoming 
30 and outgoing signals are in the colour space Y; DR, DB, 
the matrix will be a diagonal matrix whose non-zero co- 
efficients are equal to 1 . Likewise, the variable character 
of the gain of the amplifiers 7 can be discarded and re- 
placed by an action on the value of the coefficients of 
35 the matrix. 

In the example embodiment of Figure 1 , which in- 
volves converting an analog video R, G, B into a digital 
video Y, DR, DB, to the HDTV standard, the sampling 
frequency on the Y path is double the sampling frequen- 
ce cy on the DR and DB paths, i.e. 72 MHz on the Y path 
and 36 MHz on each of the paths DR and DB. 

The instants of sample capture are controlled by a 
phase-loop controllable clock system 18 which is known 
per se and generates, on the one hand, control pulses 
45 at the frequency 72 MHz so as to control the analog/ 
digital converter 10 Y of the luminance path Y and, on 
the other hand, pulses at the frequency 36 MHz so as 
to control the converters 10 DB and 10 DR of the differ- 
ence paths DB and DR. 
50 [The instants of sample capture of the difference 
paths DB and DR can be delayed, with respect to the 
instant of sample capture of the luminance path Y. The 
delays introduced have been represented by phase- 
shifters depicted by dashed lines 12 DB and 12 DR. 
55 The samples output by the path Y are introduced into a 
delay line 1 3 Y. These two difference paths are intro- 
duced into write/read shift registers 1 3 DB and 1 3 DR. 
Finally, the outputs from each of the paths are transmit- 
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ted to an output 15 by way of a multiplexer 14. The role 
of the write/read shift registers will be explained below. 
It has been seen that the instants of sample capture take 
place at different times on each of the paths. For a mul- 
tiplexer 14 to be able to read in phase the samples 
present at the output 1 9 DB of the shift register 1 3 B, at 
the output 1 9 Y of the delay line 1 3 Y and 1 9 DR ol the 
shift register 13 DR, it is necessary to offset the instant 
of reading by the multiplexer 14 by the instant of writing 
by the ADCs 10. This is the role of the shift registers 13 
DB and 13 DR in combination with the delay line 13 Y 
This role will be explained in greater detail further below 
when explaining the operation of the circuit.] 

In order automatically to adjust the offset error of 
the conversion, the conversion coefficients of the matrix 
converter 5 or those of the variable-gain amplifiers 7, 
the digital signals present at the output of the delay lines 
13 are introduced into the microprocessor 17. The mi- 
croprocessor 1 7 controls the switches 1 3 and the analog 
test-pattern generator 4 during the blanking periods. By 
way of a module 16 it also controls the selection of the 
various samples which it receives. 

The microprocessor 17 compares the results ob- 
tained with the results which would have been obtained 
if the conversion had not been tainted with errors. It cal- 
culates the necessary corrections. 

The operation of the conversion control loop will 
now be explained in further detail. The adjustments to 
be performed on the circuit relate to the phasing <I>R and 
<DB of the paths DR and DB with respect to the path Y, 
the redressing of the gain errors (3 for Y, DR, DB input 
and 9 for R, G, B input) and of the offset errors (3 for Y, 
DR, DB input and another 3 for R, G, B input). 

The gain, offset and phase adjustments are in ac- 
tual fact weakly interlinked, but are regarded as inde- 
pendent by the software of the microprocessor 17 which 
alternates the adjustments in sequence. 

The error measurements are performed during the 
blanking times present between the various lines of a 
frame on the one hand, and between the frames on the 
other hand. 

The microprocessor 17 controls the test pattern 4. 
The test pattern 4 used allows the generation of eight 
different levels. The phasing correction is performed in 
two steps. The phasing is firstly adjusted on the lumi- 
nance path, the path Y in Figure 3. 

This operation is a necessary preparation for the 
adjustment of the phases of the two chrominance paths 
DR and DB. The microprocessor 17 acts on the phase 
OTEST PATTERN of the test pattern in such a. way as 
to obtain a sample of Y exactly in the middle(in terms of 
amplitude) of the rising edge of the signal Y. 

The result to be obtained is represented in Figure 
4. This figure includes Figures 4a and 4b. These repre- 
sent the analog value at the input of the converter circuit 
10 Y versus time along the abscissa. The crosses rep- 
resent the sampling instants. 

The sampling instants represented in Figure 4 are 



instants which lie in an interval of time which includes a 
change of the level generated by the test pattern. If no 
precaution is taken, the sampling instants lie anywhere 
with respect to the instant of change of the level of the 
5 test pattern. Thus, in Figure 4a, a sample is captured 
almost one sampling period before the rising edge pro- 
duces any effect. The second sample lies at the begin- 
ning of the rising edge and the third at the end of the 
rising edge. According to the invention, the instant of 
10 change of the level of the test pattern will be displaced 
so that there is a sample capture which coincides with 
the moment at which the level of the analog value reach- 
es the intermediate value halfway between the two con- 
secutive levels of the test pattern. The level halfway be- 
15 tween a preceding level and a succeeding level has 
been adopted. However, it will be noted that this involves 
marking an instant in a time marker linked to the analog 
input signal and it would have been possible to adopt a 
level representing a specified percentage of the alge- 
20 braic increment between the preceding level and the 
succeeding level. 

The result of the adjustment of the instant of change 
of level of the test pattern is represented in Figure 4b. 
Compared with Figure 4a, it may be seen that the instant 
25 of the change of level has been advanced so that, after 
this adjustment, there is a sample captured slightly be- 
fore the change of level, a sample whose capture coin- 
cides with the moment at which the analog value has 
performed half of the increase between the initial level 
30 and the succeeding level. 

The phasing of the luminance path Y having been 
performed, the second step is undertaken, i.e. the phas- 
ing of the two chrominance paths DR and DB. A coarse 
rephasing has already been performed by the digital 
35 hardware delay line 1 3 Y, on the basis of the time con- 
stants calculated for the paths Y, DR and DB. This delay 
line enables the phasing of the capturing of samples on 
this path to be shifted by an integer number of sampling 
periods. These periods are generated by the time base 
40 18. 

After this first redressing, a shift in the capturing of 
samples on each of the chrominance paths DR and DB 
of less than one clock period will be sufficient to make 
the capturing of samples coincide with the moment at 

45 which the level of the signal to be converted has reached 
the mid-level (or the predetermined level) between the 
initial level and the final level. 

This shift of less than one period is controlled by the 
microprocessor 17. After adjusting the phase shift, one 

so and the same sample number x corresponds on the 
three paths to the mid-level between two intermediate 
levels. 

The result obtained is represented in Figure 5. 

This figure represents on the left the instants of 
55 sample capture at the level of the ADCs 10 on each of 
the paths Y, DB, DR. The time axis, along the abscissa, 
is graduated in sampling periods. 

[In the dummy example represented, the path Y is 
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slightly more than 3 sampling periods in advance. The 
delay line 1 3 Y will delay the sample by 4 sampling pe- 
riods. The samples DB, DR output by the converters 10 
DB and 1 0 DR are after this delay of the path Y less than 
one period in advance of the path Y. In order to set the 
sample captures back into phase, the microprocessor 
17 will delay the sample capture by d1 on the path DB 
and by d2 on the path DR. d1 and d2 represent the ad- 
vance of the sample capture on the paths DB and DR 
with respect to the instant located 4 periods before the 
sample capture on the path Y. 

The sample output by the converter 10 Y is intro- 
duced into the delay line 13 Y where it is delayed by 4 
periods. The samples output by the converters 10 DB 
and 10 DR are introduced into the write/read shift reg- 
isters 1 3 DB and 1 3 DR where they are shifted by a du- 
ration dl and d2 respectively. 

Hence, at the moment of the reading of the delay 
line and of ihe registers by the multiplexer 14, the sam- 
ples are again in phase. 

The result is> represented in Figure 5b wherein are 
seen the 3 samples in phase on each of the paths. Thus, 
the different delays introduced by each of the paths have 
been compensated for, on the one hand, by a delay in- 
troduced into the fastest path by the digital delay line 1 3 
Y and, on the other hand, by a shifting of the sample 
capture on the other paths. In the example represented, 
only one path is equipped with a digital delay line. It 
would be permissible also to equip another path if nec- 
essary, only the slowest path not being equipped. It is 
also understood that the same result could be obtained 
through analog delay lines stationed upstream of the 
converters 10] 

The time shifts with regard to the capturing of sam- 
ples correct the differences in delay of each of the paths 
so that after correction the digital signals on each of the 
paths correspond to one and the same initial instant of 
the analog signal. Monitoring has been carried out to 
ensure that the delay on each of the paths is independ- 
ent of the level of the signal to be converted so that the 
correction performed at one level is valid for the whole 
dynamic range of the signal. 

After adjusting the phasing, the gain line of each 
converter is adjusted as described below: 

When the analog/digital conversion is performed 
from an analog colour space to a digital colour space 
with the same definition, for example from a Y, DR, DB 
analog colour space to a Y; DR, DB digital colour space, 
the microprocessor 17 controls the level gain correc- 
tions of the adjustable gain amplifiers 7. 

It also corrects the offset errors by way of the base 
level adjustment devices 11 . 

When the conversion is performed from an analog 
colour space to some other digital colour space, for ex- 
ample from an R, G, B analog colour space to a Y, DR, 
DB digital colour space, the microprocessor corrects the 
nine coefficients of the conversion matrix of the matrix 
converter 5 and the offsets on each of the paths by way 



of the base level adjustment devices 11 . 

In both cases, the principle of correction is the 
same, but in the second case (that of change of colour 
space), three consecutive adjustments are undertaken. 
s A first adjustment, while the test signal from the test pat- 
tern 4 is sent to the input R only, makes it possible to 
adjust the value of the conversion matrix coefficients ap- 
plied to the red value. The second adjustment is per- 
formed while the signal from the test pattern 4 is sent to 
10 the input 1 G alone. It allows adjustment of the conver- 
sion matrix conversion coefficients applied to the green 
value. Thethird adjustment is performed while the signal 
from the test pattern 4 is sent to the input 1 B alone. It 
allows adjustment of the conversion matrix coefficients 
is applied to the blue value. 

To perform an adjustment on each of the three 
paths, the test-pattern generator 4 controlled by the mi- 
croprocessor 17 delivers a staircase signal, as repre- 
sented in Figure 6, on one of the paths. In order to obtain 
20 a fine correction value for each plateau, the test-pattern 
generator 4 generates values which vary about this pla- 
teau. The values about the plateau are chosen symmet- 
rically about the level of the plateau. The maximum am- 
plitude of the variation about the value of the plateau 
25 represents several quantization spacings. In the exam- 
ple described here, thirty-two measurements are under- 
taken for each plateau, the maximum value of discrep- 
ancy with respect to the level of the plateau being four 
quantization spacings. The thirty-two different values 
30 converted about this plateau are received by the micro- 
processor 1 7 which then calculates a mean value. This 
mean value is stored in memory. 

When each of the plateaux has formed the subject 
of measurements, the microprocessor 17 has a set of 
35 mean values. A graphical representation of these values 
is shown in Figure 7. This figure is a graph. The input 
values X delivered by the test pattern are plotted along 
the abscissa. Plotted along the ordinate are the values 
Y actually obtained by averaging for each plateau the 
40 thirty-two values captured symmetrically about the val- 
ue defined by the plateau. The theoretical conversion 
straight line, which would be obtained with an ideal con- 
version, is represented with dashes. The points ob- 
tained for each of the plateaux are represented by cross- 
es es. 

The microprocessor 17 is programmed to calculate 
from the points portrayed by crosses the best straight 
line with equation 

so 

Y = a 1 X + b t 

passing through, or between, these points. 
This straight line is obtained by virtue of a so-called least 
ss squares algorithm. The effect of this algorithm is to cal- 
culate the coefficients al and bl so as to minimize the 
sum of the squares of the distances from each of the 
points represented by a cross to the straight line with 
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equation 

Y = a 1 X + b r 

5 

The details of this calculation are known to those 
skilled in the art. The theoretical straight line with equa- 
tion 

10 

Y = a 0 X + b 0 




)3A1 14 

generation only will allow the adjustment of the coeffi- 
cients a v b 1f a,, blue generation that of a2, b2. c2 and 
green generation that of a 3 , b 3 , c 3 . 

In the example represented, the gain adjustments 
are performed continually by virtue of adjustments per- 
formed during the blanking times between the frames. 
The adjustment of the black reference is performed con- 
tinually by virtue of measurements performed during the 
blanking times between the lines by acting on the devic- 
es 11. 



is known and results from each of the standards 
defining a transmission norm. In the example explained 
here, the HDTV standard gives the correspondence be- is 
tween the output codes and the input voltages. The lat- 
ter given by the test pattern 4 are known. The micro- 
processor 17 then acts on the gain of each o1 the paths 
so as to make a-, tend to a 0 and on the offset of the path 
so as to make b-, tend to b 0 . 20 

It should be noted that the adapting of a set of co- 
efficients to a different standard (ex Japanese standard) 
requires merely a different parameter setting of the soft- 
ware rather than a modification of the hardware. 

When the circuit converts from an analog colour 25 
space to the same digital colour space, for example Y, 
DR, DB to Y, DR, DB, the gain is adjusted by way of the 
variable-gain amplifiers 7. When the circuit converts 
from an analog colour space to a different digital colour 
space, for example from R, G, Bto Y, DR, DB, the gain 30 
is adjusted by acting on the three coefficients, red, then 
blue and finally green, of the conversion matrix. In both 
cases, the offsets are adjusted by acting on the base 
level adjustment devices 11. 

Thus, if A 2 , B^ C 2 represent the components of the 35 
converted video signal, , B 1 , C 1 the components of 
the input video signal and M the conversion matrix, we 
have the following relation: 



with 
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a v a 2 , a 3 ; b-,, b 2 , b 3 ; c-,, c 2 , c 3 are the conversion or 
change of norm coefficients If B 2 , C 2 correspond, 
for example, to DR, Y, DB and A v B v C n to R, G, B, red 



Claims 

1 . Process for correcting the value of an input quantity 
X of an analog/digital converter delivering a digital 
output quantity Y dependent on the value of the 
quantity X, the output value Y ideally taking n values 
Y 0 , Y n .-, regularly spaced by a spacing AY when 
X varies from a value X 0 to a value X^ , Y ideally 
taking the value Y 0 when X has, to within a spacing, 
the value Xq, the value Y n .-, when X has, to within a 
spacing, the value X^ and n-2 intermediate values 
Y-,, Y 2 , Y n _ 2 resulting from the quantity X, on the 
one hand through a linear transformation of the form 
Y = aQ X + b 0 , and on the other hand, through a 
quantization Y, Y retaining the same output value 
Y p when X varies from a value X^ to a value X p) 
the value Y p being one of the values obtained from 
the linear transformation when X varies between 
Xp.-, and X p , in which process the corrections are 
performed during conversion by harnessing con- 
version suspension periods interposed between 
periods of conversion, so as to inject known values 
of the input quantity X into the converter and deduce 
therefrom correction values to be applied, the proc- 
ess being characterized in that during one or more 
conversion suspension periods and in a continual 
iterative manner throughout conversion, 

a) for an integer number m of input values 

X m1 X mm , the output values Y m1 Y mm 

obtained are measured, 

b) the equation Y = a-,X + b n of the actual con- 
version line resulting from these m measure- 
ments is calculated, this line being the nearest 
to the m points with co-ordinates X m1 , Y m1 ; 
X m 2» Y m2 ; .., X mm> Y mm> 

c) the offset error is corrected by adding the al- 
gebraic value of the difference b between b n 
and b 0 to the analog input quantity, 

d) the gain of the conversion is corrected by 
multiplying the input quantity X by the latest ra- 
tio -1 calculated. 

a o 

2. Process according to Claim 1 , characterized in that 
to obtain each of the m output values Y m> corre- 
sponding to an input value X m , a central value X m0 
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5. 



is defined and the input quantity X is made to vary 
by allocating it s input values X r1 , .... X re exhibiting 
a symmetry with respect to the central value X m0 , 
the output value Y m being the mean Y m obtained 
by averaging the values Y rV Y re corresponding 
to the output values of the quantity Y when the 
quantity X takes the values X r1 , .... X rs respectively. 

Process according to Claim 2, characterized in that 
the discrepancy between a minimum value X rmin 
and a maximum value X^^ of each of the s input 
values X r participating in the obtaining of a mean 
output value Y m is several spacings, each spacing 
being of value 



Process according to Claim 3, characterized in that 
the discrepancy between the minimum input value 
X rmin and the maximum input value X^^ of the set 
of s input values participating in the obtaining of a 
mean output value Y r lies between 4 and 12 spac- 
ings of value 



X n-1 ' x o 



Process for correcting the conversion of analog 
components A-,, B-,, C 1 of a television video signal 
which are expressed according to a colour space, 
into digital components A 2 , B 2: C 2 expressed ac- 
cording to the same colour space or according to a 
different colour space, the colour space of each of 
the output components A 2 , B 2 , C 2 resulting from a 
linear combination performed on the input quanti- 
ties of the form 







r \ 
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conversion coefficients, in which process the con- 
version of each output component is performed on 
a path for converting this component by means of 
an analog converter delivering an output quantity Y 
dependent on the value of an input quantity X, the 
output value Y ideally taking n values Y 0 , Y n .-, 
regularly spaced by a spacing AY when X varies 
from a value Xq to a value X n . 1f Y ideally taking the 
value Y 0 when X has, to within a spacing, the value 
X 0 , Y n .-, when X has, to within a spacing, the value 
X n ^ and n-2 intermediate values Y v Y 3 , Y n . 2 re- 
sulting from the quantity X, on the one hand through 
a linear transformation of the form Y = X + b 0 , 
and on the other hand, through a quantization of Y, 
Y retaining the same output value Y pi when X varies 
from a value X p _., to a value X p , the value Y p being 
one of the values obtained from the linear transfor- 
mation when X takes one of the values lying be- 
tween Xp.-, and X p , the input quantity X being in this 
case on each of the conversion paths A 2 , B 2 , C 2 , 
the linear combination of the components A-,, B-,, 
C 1 participating in the formation of this path, in 
which process the corrections are performed during 
conversion by harnessing conversion suspension 
periods interposed between periods of conversion, 
so as to inject known values of the input quantity X 
into the converter and deduce therefrom correction 
values to be applied, the process being character- 
ized in that during one or more suspension periods, 

a) for an integer number m of known input val- 
ues X m1 , .... X mm , the output values Y ml , 
Y m2 , . ., Y mm obtained are measured on each 
path, 

b) the equation Y = a-,X + b-, of the actual con- 
version line resulting from these m measure- 
ments is calculated on each path, this line being 
the nearest to the m points with co-ordinates 



X m1- Y n 



Vn2- T m2. 



n. Y n 



c) the offset error is corrected on each of the 
paths by adding the algebraic value of the dif- 
ference between b, and bo to the analog input 
quantity, 

d) the gain of the conversion on a path is cor- 
rected by multiplying each of the colour space 
coefficients participating in the composition of 
this path by the latest ratio— l - calculated. 



where M is a conversion matrix of the form 



M = 



f \ 

a, a : a, 

b, b : b; 
vc, c 2 c 3 y 



in which a v a 2 , a 3 ; b-,, b 2 , b 3 ; c v c 2 , c 3 are the 



so 



55 



6. Process according to Claim 5, characterized in that 
to obtain each of the m output values Y m , corre- 
sponding to an input value X m , a central value X m0 
is defined and the input quantity X is made to vary 
by allocating it s input values X r1 , .... X re exhibiting 
a symmetry with respect to the central value X m0 , 
the output value Y m being the mean Y m obtained 
by averaging the values Y rl , Y re corresponding 
to the output values of the quantity Y when the 
quantity X takes the values X r1 , . . . , X re respectively. 
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7. Process according to either of Claims 5 and 6, char- 
acterized in that the differences in propagation time 
of the video signal between the various conversion 
paths are corrected by introducing onto one path at 
least one delay intended to delay the output of the 
digital samples on this path. 

8. Process according to Claim 7, characterized in that 
an offset is furthermore introduced between the in- 
stants of capturing samples on a path and the in- 
stants of capturing samples on at least one other 
path. 

9. Process according to Claim 8, characterized in that 
the setting of the instant of capturing a sample, upon 
a known jump in level, this jump having the effect 
of displacing the conversion value from a preceding 
initial value to a succeeding final value, coincides 
with an instant at which the value of the converted 
signal corresponds to the preceding level increased 
by a predetei mined percentage of the algebraic dif- 
ference between the succeeding level and the pre- 
ceding level, this predetermined percentage being 
the same on each of the paths. 

10. Device for converting analog components A-,, B-,, 

of a television video signal expressed according 
to an input colour space, into digital components A 2 , 
B 2 , C 2 expressed according to the same colour 
space as that of the input or according to a different 
colour space, the device including inputs (1 B, 1 G, 
1 R) each receiving an input component, these in- 
puts feeding a matrix converter (5) effecting a linear 
combination of the input components, and feeding 
a conversion path, each conversion path including 
an analog/digital converter (10 DB, 1 0 Y, 10 DR) de- 
livering on an output (19 Y, 19 DB, 19 DR) a digital 
output component of the converted video signal, a 
device characterized in that it includes means for 
correcting and adjusting the conversion, these 
means including a microprocessor 17, this micro- 
processor controlling the value of the coefficients of 
the matrix converter (5), controllable devices for ad- 
justing the base levels (11 DB, 11 DR, 11Y) sta- 
tioned upstream of each of the analog/digital con- 
verters, a test-pattern generator (4), this generator 
controlling input switches (3 B, 3 G, 3 R) capable of 
two positions, a first and a second, in the first posi- 
tion the input switches are connected to the inputs 
(1 B, 1 G, 1 R) of the conversion device, in the sec- 
ond position they are connected to outputs of the 
test-pattern generator (4), the microprocessor (17) 
receiving, during conversion suspension periods, 
signals originating from the test-pattern generator 
(4) and converted by the analog/digital converters 
(10), and calculating the corrections to be applied 
to the conversion coefficients of the matrix convert- 
er (5) and those to be applied to the device for ad- 



justing the base levels (11). 

11. Device according to Claim 10, characterized in that 
the microprocessor (17) controls the instants of 

5 change of levels generated by the test pattern so 
as to pass from a preceding level to a succeeding 
level in such a way that an instant of capturing sam- 
ples by the analog/digital converter of one path co- 
incides with the instant at which the analog signal 

10 passes through an intermediate value representing 
an algebraic increment of the preceding level, this 
increment having as value a predetermined per- 
centage of the difference between the succeeding 
level and the preceding level, and in that the micro- 

15 processor (17) furthermore controls an offset in the 
instant of the capturing of digital samples on the oth- 
er conversion paths. 

12. Conversion device according to Claim 10, charac- 
20 terized in that one of the palhs includes a controlla- 
ble digital delay line (1 3 Y) downstream of the ana- 
log digital converter (1 0 Y) of this path. 

13. Conversion device according to Claim 10, charac- 
25 terized in that one at least of the paths includes an 

analog delay line upstream of the analog digital con- 
verter (10 Y) of this path. 

14. Conversion device according to either of Claims 11 
30 and 1 2, characterized in that it includes on one path 

at least downstream of the analog digital converters 
(10 Y, 10 DB, 10 DR) a write/read shift register (13 
DBand 13 DR). 

35 15. Conversion device according to Claim 10, charac- 
terized in that it includes on a first path, downstream 
of the analog digital converter (1 0 Y) of this path, a 
digital delay line (13Y), and at least on a second 
path downstream of the analog digital converter of 

40 this path (1 3 DB) a write/read shift register (1 3 DB, 
13DR). 

16. Conversion device according to one of Claims 1 to 
1 5, characterized in that the outputs (1 9 DB, 1 9 DR, 
45 1 9 Y) of each of the conversion paths feed a multi- 
plexer (14) which itself feeds a muliplexed output 
(15). 
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